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CALIBRATION VERIFICATION OF METEOROLOGICAL EQUIPMENT

AT THE LIBBY STATION

JUNE 2007

MSI Project 06070750

1.0 INTRODUCTION

Meteorological Solutions Inc. (MSI) was contracted by MWH to conduct calibration

verification checks of the Libby Montana meteorological monitoring station. This report

summarizes the calibration activities during a site visit on June 21, 2007.

Meteorological calibration checks at the Libby facility were conducted in accordance with

the following guidelines:

• EPA's Ambient Monitoring Guidelines for Prevention of Significant

Deterioration (PSD), 1987,

• Quality Assurance Handbook for Air Pollution Measurement Systems, Vol. IV:

Meteorological Measurements, (DRAFT) 2006
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2.0 CALIBRATION EQUIPMENT

The following calibration reference standard instruments, presented in Table 2-1, were used

to conduct the site calibration verification checks.

Table 2-1

MSI Calibration Equipment

Parameter

Wind Direction

Horizontal Wind Speed

Temperature

Relative Humidity

Barometric Pressure

Solar Radiation

Equipment

Brunton Pocket Transit Model 5008
RM Young Model 18212 Vane Angle Fixture
RM Young Model 18331 Vane Torque Gauge

RM Young Model 18810 Anemometer Drive
RM Young Model 18310 Prop Torque Disc

Brooklyn Digital Model 6661

Vaisala HMP45AC

Suunto Model Escape

Licor Li200x

Serial
Number

5080101344 :

NA j
NA

CA01889
NA

C404690

B3550019

62900526

PY54999 }

NA = Not Available.

Copies of calibration equipment certifications are included in Appendix A.
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3.0 SENSOR CALIBRATION VERIFICATION

This section describes the meteorological calibration verfication activities conducted by

MSI at the Libby meteorological station on June 21, 2007.

3.1 Meteorological Station Description

The latitude and longitude coordinates of the Libby meteorological station are:

Latitude: 48.4306

Longitude: 115.3972

Elevation: 4244 feet

Figure 3.1 presents a topographical representation of the location of the Libby

meteorological station.

The station is equipped to measure horizontal wind speed and wind direction at 10

meters, aspirated temperature sensors at 2 and 10 meters, relative humidity, barometric pressure,

and solar radiation at 2 meters. Sensors installed at the Libby meteorological station are

presented in Table 3-1.
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Figure 3.1 Topographical Map of the Libby Monitoring Station Location
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Table 3-1

Libby Meteorological Station Sensors

Parameter

Wind Direction

Horizontal Wind Speed

Relative Humidity

Barometric Pressure

Solar Radiation

Temperature

Station Sensor

RM Young Model 05305-5

RM Young Model 05305-5

CSI Model CS2 15

CSI Model CS 100

LiCor Model 200X

Met One Model 062 (2 meter)
Met One Model 062 (10 meter)

Serial Number

75312

75312

N/A

2966542

PY54971

F6450 1 of 2
F64502of2

3.2 Calibration Verification Methods

This section describes the calibration methods used to verify the performance of the

equipment installed at the Libby meteorological monitoring station. A summary of the

calibration methods and the acceptable tolerances for each method is presented in Table 3-2.
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Table 3-2

Calibration Verification Methods and Acceptable Tolerances

Parameter

Wind Direction

Horizontal Wind
Speed

Temperature

Delta Temperature

Relative Humidity

Barometric Pressure

Solar Radiation

Calibration Method

Orientation plus Linearity
Starting Threshold

Synchronous Motor

Starting Threshold

Collocated Reference Comparison

Collocated Reference Comparison

Certified Reference Collocation

Certified Reference Collocation

Certified Reference Collocation

Acceptable Tolerances

±5°
<.5m/s

±.2 m/s

<.5m/s

±0.9°F

±0.1 8°F

±10 %

±3 mb

±5%

3.2.1 Wind Direction

The orientation of the wind direction sensor was checked using a professional magnetic

compass. The compass was set using a magnetic declination of 16 degrees east of north.

In addition, the wind direction sensor linearity was verified by checking the sensor output

at 30 degree increments throughout the entire 0 to 360 degree range in both clockwise and

counterclockwise directions. The sensor starting threshold was determined by measuring shaft

rotational torque.
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3.2.2 Wind Speed

The calibration of the wind speed sensors was verified by applying known revolutions per

minute using a variable speed motor drive. The shaft of the synchronous motor was attached to

the bearing shaft of the anemometer with the propeller removed. Synchronous motor speeds

were translated into calculated wind speeds in miles per hour using manufacturer's specifications.

The sensor response was compared to the calculated wind speeds. Wind speed sensor shaft

rotational torque was measured with a torque gauge to evaluate starting threshold.

3.2.3 Temperature

For the dual temperature system, sensor calibration was verified by direct comparison of

sensor outputs to a collocated calibrated reference standard thermometer at three different

temperatures over the measurement range. Both 2 and 10-meter temperatures were checked

simultaneously in the same medium so that the A temperature function could be verified.

3.2.4 Relative Humidity

The relative humidity sensor calibration was verified by comparison of the station sensor

outputs with a collocated relative humidity reference sensor in ambient conditions.

3.2.5 Barometric Pressure

The barometric pressure sensor output was verified by comparing the output of a certified

reference barometer with sensor outputs recorded on the data acquisition system.
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3.2.6 Solar Radiation

The solar radiation pyranometer was verified by collocating a certified reference

pyranometer adjacent to the system sensor. The reference pyranometer was interfaced with a

separate data logger synchronized with the station data logger. Readings from the pyranometers

were compared both manually with secondly data and from stored hourly averages over a several

hour period to verify conformance with acceptable tolerances.
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4.0 LIBBY METEOROLOGICAL STATION RESULTS

This section presents the calibration verification results for the meteorological equipment

located at Libby meteorological monitoring station.

4.1 Meteorological Tower Equipment

This subsection describes the results of calibration verification of the equipment installed

at the Libby meteorological station. Calibration verification of the meteorological sensors was

conducted on June 21, 2007.

4.1.1 Wind Direction

The "as found" wind direction sensor orientation checks indicated that the cross arm

alignment was 315.0 /135.0 degrees in reference to true north. The vane was positioned parallel

to the cross arm and the data system reported 312.0 and 138.9 degrees, respectively. After the as

found check the cross arm was repositioned to 0.0 and 180.0 in reference to true north. The vane

was positioned parallel to the cross arm in the 0 and 180 degree positions and the data system

reported 0.4 and 179.1 degrees, respectively.

Sensor linearity was checked at 30 degree increments over the entire 0-360 degree range

in both clockwise and counterclockwise directions and found to be within ±1.9 degrees. The

wind direction sensor orientation plus linearity were within the acceptable tolerances of ±5°

respectively. Sensor shaft rotational torque was less than 5.0 gram-centimeters (gm-cm)

clockwise and counterclockwise which translates to a starting threshold of less than 0.5 meters

per second (m/s). The starting threshold was within the allowable tolerance of <0.5 m/s.
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4.1.2 Horizontal Wind Speed

Wind speed sensor responses were checked over the range of 0-91 mph and were

identical to the audit inputs. The allowable tolerances for wind speed is ±0.2 m/s . Shaft

rotational torque was < 0.1 gm-cm counterclockwise and clockwise translating to a starting

threshold less than 0.5 m/s which is within the allowable tolerance of <0.5 m/s.

4.1.3 Temperature

A reference standard digital thermometer was collocated with the sensors simultaneously

in water baths at 32.0, 71.0 and 101.6°F for intercomparison. Temperature sensor output for the

2-meter level was within ±0.44°F and the 10-meter level was within ±0.33°F of the reference

standard. These outputs were within the acceptable tolerance of ±0.9°F (0.5°C).

Delta temperature outputs between the 2 and 10 meter levels at all three temperatures

were within ±0.11 °F. This is within the acceptable tolerance of ±0.18 °F (0.1°C).

4.1.4 Relative Humidity

The relative humidity sensor output was checked during ambient collocation and showed

an absolute average difference of 1.3 percent from the reference. This is within the acceptable

tolerance of ±10 percent.
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4.1.5 Barometric Pressure

A certified reference barometer was collocated with the site barometric pressure sensor.

The values from the reference sensor were corrected to sea level pressure in "hg using the

Smithsonian Meteorological Tables 6th edition and a site elevation of 4244 feet. The site sensor

output was an average of 2.3 percent higher than the reference, which when converted to mb was

not within the acceptable tolerance of ±3 mb.

4.1.6 Solar Radiation

A calibrated reference pyranometer was collocated with the station sensor for

approximately 3.0 hours. Manual readings of instantaneous data taken at eight different times

during this period showed an absolute average percent difference of 1.1 percent. This, is within

the allowable ±10 percent tolerance. The reference solar radiation sensor was also logged on a

separate data logger over the three hour period, the data was compared with the logged data from

the site and found to be 0.83 percent different. This is also within the ±10 percent tolerance. An

intercomparison plot showing the one hour average reference standard data with one hour

average Libby monitoring station data is shown hi Figure 4.1. A linear regression plot showing

paired MSI reference solar radiation versus Libby monitoring station values is shown in Figure

4.2.

Copies of the calibration verification field data sheets are included in Appendix B.
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5.0 CONCLUSION

A calibration verification of meteorological sensors at Libby was conducted by MSI on

June 21, 2007. Table 5-1 presents the results of this audit.

Table 5-1

Calibration Verification Results of the Libby Meteorological Sensors

Parameter

Wind Direction

Horizontal Wind Speed

Temperature

Relative Humidity

Barometric Pressure

Solar Radiation

Sensor/Serial Number

RM Young Model 05305-5, S/N 75312

RM Young Model 05305-5, S/N 75312

Met One Model 062 (2 m) S/NF6450
Met One Model 062 (10 m) S/N F6450

CSI Model CS2 1 5 S/N N/A

CSI Model CSI 00, S/N 2966542

LiCor Model 200X, S/N N/A

Within Tolerance

Yes

Yes

Yes
Yes

Yes

No

Yes

At the end of calibration verification activities, all sensors (except the CSI CSI 00

barometric pressure sensor) were operating within recommended tolerances.

The sea level corrected barometric pressure at the Libby site was reading approximately

0.75 inches of mercury higher than the MSI reference sensor. Investigation of the problem

revealed that there was an error in the elevation setting in the CR1000 data logger program. The

elevation is currently set to 5000 feet. The actual elevation is 4244 feet. A program change can

be made and uploaded to the CR1000 data logger on the next site visit to correct this problem.
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THE BRUNTON COMPANY
Certificate Of Calibration

Equipment Owner: 'V^Te^tfoU^HfiL 60 C uTi orO.^ _J7/\J <L
N'anis:

Address: /Cf^

Ciiy. State. Zip: S./iCL Ifljfc CjT , [.ITT % '/ 1 Op

Caubration traceable to rhc National L-is::cute cl'Suindards and Technology in accordance
wich Mil-STD--56e2A hxs b«:i accomplished on the instrun;eni Ii5;s:d below by
comparison wilt1. aCur.dnrtis naintniiied by The Bruruor. Co. Th« accuracy -and stability of
a!i sundarcs niu.inui»:o;4. by The Brunton Co. are traceable *.o national standards
mdr.&ined by the Na'.ional Ir.sv.tu'.e of Standards ar.d Ttxhnoloey in Washington. D.C.
and Boulder. CO. Complete re.'ord of all work performed is maintained by The "Brunton
Co and is available for :"r.spcc:i.;r. upon rique.s:.

This Uni: has been calibrated to Lietz T\f iOE serial number 3093? traceable to N.B.S.
no. ?;.$ 227675 this _f 6^ Davof A^lAV 20j

/••
DESCRIPTION': I

PURCHASE ORDER: .SA _|O7_-3/

LOT NUMBER:

MODEL NL"NfBcR:

: ^^C/ O/ 3 V4/ScRLU^UMBER:

CALIBRATION DATE: O IS Q }

RECALIBRATION DL'E OATH.

'/

QvJAUTY CONTROL M-\.\XGER .,



YOUNG

R. M. Yo u ng Company
2001 Aoro Parl< D/lve
Traveriio Clly, Michigan 4P686 USA

Certificate of Calibration and Testing

Test Unit;
Model; 18810 Serial Number: CA01G89
Description: Anemometer Drive -10 to 1,000 RPM

• Comprised of Modots 1B020 Control Unit & 16831 Motor Assembly

R.M. Young Company certifies that tne afoovo equipment has been inspected and
calibrated using standards whose accuracies are traceable to the National institute of
Standards and Technologies (MIST).

Nominal
Motnr
Rpm

60

120

240

420

600

810

990

Output
Frequency (1)

Hz

32o
(eAo

)2£0
2240

3200

4S20
52So

Calculated
Rpm (2)

fr>

\2t>

2Ao
A to
boo
810
^o

Indicated
Rpm {3)

boo
I Zoo
24oo

42,oe>

&OQO

0IOO

Qftoo

El Claokwiso and CounterclockwIsR rotation verified

(1) Measured at the optical encoder output
(2) Frequency output produces 320 pulses par revolution of the motor shaft
(3) Indicated on the Control Unit LCD display - Note; Divide displayed rpm by 10 to

calculate actual motor rpm

"Indicates out of tolerance

slo Calibration Adjustments Required As Found D As Left

Traceabto frequency motor used in calibration DP4863

Date of inspection 12 January 2007

Tested By

MI 231-Mft-Mflfl FW. J31-946-4772 {«uMi met.satesWywingi'sa.com



YOUNG

R.M. Young Company
2H01 Aero Park Drive
Triiverse Cfty, Michigan 19fiflfi USA

Certificate of Calibration and Testing

Test Unit:
Model: 18801 Serial Number; CA01889
Description: Anemometer Drive -10 to 10,000 RPM

- Comprised of Models 16B2Q Control Unjt & 10830 Motor Assembly

R,M. Young Company certifies that the above equipment has been Inspected and
calibrated using standards whose accuracies are traceable to the National Institute of
Standards and Technologies (MIST).

Nominal
Motor
Rpm

600

1200

2400

4200

6000

8100

9900

Output
Frequency (1)

Hz

92o
£40

\ZSO

&£4o
*>2fio
4%&o

526o

Calculated
Rpm (2}

£>eo
\Zt*>
2Ao&
42.00
toaoo
0(00

<¥^oo

Indicated
Rpm (3)

600
\2&O

SAOO

42LDO
&Q3O

Q\oO

of\t>e>
(3 Clockwise and Counterclockwise rotflifnn verified

(1) Measured at the optical encoder output
(2) Frequency output produces 32 pulses per revolution of the motor shaft
(3) Indicated on the Control Unit LCD display

MndicatoG out of tolerance

i No Calibration Adjustments Required D As Found I As Led

Traceable frequoncy meter used in calibration DP4863

Date of inspection 12 January 2007

Tested By



PRESSURE
Calibration Record

Start Date

Sensor Type

Sensor ID

Reference Device

Reference Device 10

Local ion

Comments

1 1/27/06 -

4ilit̂  • "-s Meteorological Solutions Inc.
JfV&^flk 225 '/ South nCO East. Suite 'if
^Bftî ^B. Scilt Late dry, Utah 84100
OTM0I.4IMNMI P: fiO) .4/4,3326
Meteorological H: «oi.w.o7&6
Solutions Inc. www.inetsoluMon.con>

1 1/29706

Suunto digital model Escape

62900526

Novalynx Digital Barometer (MSI REF)

930690-Y4

MSI Lab

Lab Temp checked with Brooklyn Digital

Thermometer s/n C466800

Technician

Date

11/27/06

11/28/06

1 1/29/06

MRP

Time

1522

0910

0730

Average

Adjustment

Calibration

required ?

Lab
TempC

22.5

21.1

20.1

21.2

Reference Pressure Sensor °,
Inches HO inches Hg D

25.18 25.15 -0.1

25.38 25.35 -0.1

25.72 25.70 -O.C

25.43 25.40 -0.1

Critieria = +/- 0.5 %

No

&
if!

2%

2%

8%

2%



A36637-20- 11

E.G. 5705

Certification Date:

Recertjflcation Datei

Dale of fssue: .1/1 si/2006

Certificate of Calibration
Precision Absolute Manometer 355 (.02%)

5/19/200S Modol Number/Range: 355-AI0900 / 0-900 MMHGA

11/1fl/2nf)7 Serial Number O30690-Y4

Sensor I.D. AI92YE11.22

The Meiiam Instrument Company hereby certifies the accuracy of Ihe above listed Instrument to be ± 0.02%
of F.S. [includes combined effects nf linearity, repeatability, hysteresis and temperature]. This accuracy was
verified in accordance with Merism fnstrument procedure A35924 and Is traceable to the Matronal Institute of
Standards and Techrtotorjy through the below listed laboratory standards.

Standard #1: C-85 PIston/Mfm Sot 38342

Standard #3; N/A

Standard #S; N/A

Standard ff2: N/A

Standard #4: N/A

Standard #6: N/A

Room Amblont Conditions: Temperature: 22°C l 3"C Relative Humiflily: 10%- 55% RH

As Rftcfilved Condition :

In Tolerance

Out of Tolerance

Inoperative

X. N/A

[As Left Condition |

_X_ In Toleranco

Out of Tolerance

Inoperative

Comnients:

There are no special limitations of use Imposed on this item due to calibration. We suggest the Instrument
be evaluated (Recertification Date), however, your particular quality system requirements may supersede
this date.

This Certificate of Calibration \s provided as support documentation for tlie customer and may not be
reproduced, except In full, without written permission of the issuing organization.

The standards and calibration propjam are based on the {juldelines of ANSI/NCSL ZS40-1-1994 and ISO
17025.

Issued By: Jim Poorman

NovaLynx Corporation PO Box 240 Grass Vsiiey CA 95945
fix: (530) B2^SOS7 USA TotlFrvo: 1-B00321-3S77



SMART INSTRUMENT QC EVALUATION FORM
(A35923)

900 mmHgA (.02%FS DIST) RANGE

INSTRUMENT: PK e ;,,„ zff-AzoroG
MODEL*

?3O&9v-W Sensor ID No. AZ9J.Y£ //,

LOCAL GRAvnV

SW.fl Mm HE 0 EC
03 i

ERUC DENSITY
Kfictor
TBHPEMTUKE MOEC.C

KODEL

3SH1 IPrtmt
As Racaivad

As U»ft_</.

INPUT PRESSURE ROOM TEMPERATURE EVALUATION

THE IHSIRUMBfT IDBrtlRED ABOVE KM BEEN
EVALUATE) PER PROCEDURE A3HM4:

Dfttt

PEWWlffsioN OF^ MAY N°T BE REPRODUCED= EXCEPT "* ™UL. WITHOUT WE WRITTEN

ALL STANDARDS USED AHE N.I.S.T. TRAC-EASLE.

FORM VALJD UKT1L 10(1(08

Page 1 of 1 R!« Hunt: Qrfomtf - 900 mmHsA{.a3*FB DIST]



1(1)

Certificate icpnri nr, H(Ki-0635l)l2<>

CALIBRATION CERTIFICATE
Instrument
Serial number
Manufacturer
Calibration dull*
Test procedure

HMP'15 AC Humiiliiy und temperature |>a>be
R35500I9
Vuisala Oyj. Finlaml
1 st September 2006
Doc2HM2G-A

'Hie above instrument was calibrated by comparing (he relative humicliiy and tcmpermurc readings K>
two HMP23J factory winking MundaKK. Ai ilic linie of shipment, die instrument described above met
its operating S)MH.-iriciiiiunv

'1'hc relative humidity readings iif the two HMI>233 factory working .standards have been calibrated a<
the Vaixala faelno1 l>> using Hyftnj M-3 dcvvpuini mwer. llygro M-3 dewpoint nicicr has been
w«libr:itcd at Vaisala Me:uurcrncnl SUmdards l-iboralory (MSL) by u.sii>^ the MSL primary standard
traceable to the NI.ST. Tlic Icmpernlure rendinftS of the two IIMP233 factory working standards have
been calibrated at MSt. by using tlx: MSL workinj; standard traceable to tlie KIST. The temperature
calibration at M.SL lias been <tei:reducii by tlie ITNAS nccoriJing to the ISO/IEC 17025.

C«ttt>r«iliiMi rvnoUs
Kcfrri!»c« huamlily"

% urr
04

45.7

71.2
Reference Ictnprratare*

'X'
I 2U>"J

Observed liBiniJily
%RII

1.?.

45.9

719
Observed tciii|wrnture

T
+22.W

IMfftn-mrc
O.RH
•f-0.8
kO.2
-K).7

Di (Terr ore
"C

-0.10

IVniihrsiblc (lifTcrcncc
%RII

*2.0

±2.0

±2.0

I'tnnissUilo difference
"C

±0.2

rcteicnio.

ill im.tl In calibration

Typt
IIMmi/KH
I'lMI'OXUKII
Vaisala IIMP1U/T

Viiiviil,iUMP:.U/T
IIYCikOM-.t
HP.'M^niA

Serial BUUI|K.T
(.21075
K?42(K)2C 1
6j:«t)Vi
K24:tW22
.J6MW5
;U46AM<?I2

Clilibratloii dale
2006U7-.lt
2006-07-31
ilXKJ-05-02
21XI6-05-02
2005-01 -26
2(105-11-0.1

CcrtlHcate number
HWi.063IO(KII
HOd-niVM 1)11(12
K008-I1X1547
KIWH-I-OOMX
NOG 160
K004-OSS7I9

Uncertainties ( 95 % confidence level, kc2i
Humidity il.O'*.RIl fc <U5%RH, :M.5%RJ1 6? I5..7K%RH
Temperature 10.1 j "C
Ambient conditions / Humidity 45 i 5%RI I. Temperature 23 ± I "C. Pressure I000± I hPa.

For Vaisala Oyj

.SlVlu KiUSilKlf

'Iliis »/7i<ir« r/uf' cui>l iiijutl, wislmul ihc written approval of Vuiiala.



Temperature Sensor
Calibration Record

Sensor Type:

Sensor ID:

^̂ B^L:! ,> Meteorological Solutions Inc.
^̂ •|BKJ|k 2257 South HOC East Suite 2F

^^BS^^^W p.- 801.471.3826
Meteorological F:80M7o,o766
Solutions Inc. www.metsoluUon.com

Brooklyn Digital with utility probe

C404690

Sensor Range: -40,0 to +150.0 C

CALIBRATION:

Date:

Time:

Location:

2/14/07

1000

MSI Lab

LINEAR EQUATION:

Sbpe (m):

Intercept (b):

Reference Device Brooklyn mercury

Reference Device ID:

Technician:

Calibration
Temperature Point

1

2

3

3D687

MRP

Calibration Reference
Temperature

(FEorCE)
Tr

0.0

23.1

40.5

Observed Sensor
Temperature

{FEorCE)
Ts

0.0

23.0

40.4

Difference in
Degrees

(FE or CE)

0.0

-0.1

-0.1

Percent Error (dT)

(dT=((Ts-TrriOO)/Tr)



INTERMOUNTAJN

SERVICES, INC.

Certificate of Calibration
Firm: METEOROLOGICAL SOLUT
P.O.N«.: NONK
Location: NONE
RpL of Primary Reference Srds.: MONK
Instrument Data Report: Attached

Test No.: 295022
Code No.: 2421AO!
Calibration Interval: 12 MONTHS
Calibration Procedure: f>'l)5l
Rpt. of Measurement Uncertainty: NONE

:N'ojKtii|ilirlf>|iliin <irother prnroM WM n*e«l Tor Ihh cAlllirntlnn nml (lie r<*nll(]) reported licrcln apply only In tliccnlllrrnlctt itcnu <lricrll>«l wtitiln.

Model: -0.5 TO .50. .1 />£<? C
Serin) No.:

Type: LIQUID IN OM.W THERMOMETER
Mffe: BROOKLYN
ID No.: WWE

Instrument Calibration Condition
Received: INTOLERANCE Returned: INTOLERANCE
Remarks:
Routine caJt.itarat.ton, rsfer to ft fie attached InstrMmant Data R&port fat:
mensuramnn!:. results.

IMS, Inc. crrrllflc* (he nl)OVC Initlriiincnt meets nr <-jrwil» piilillihcil sprclficallnTK anil hn« hccll Cflllbrnlcd UK!TIB rtnntlnrds nncl InstnimcnH ivli
areuriKtai UPC trflccnhlc to lite Nntlimnl Imtltiitc nfAtnnilni'ric anil Ttclinnlogy, nn ncccptott value of n n«tiirnl plivslcnl oniutnul, or i-nlla type
terhnlqiir*. The pnlklu And prnccdurrs nt (1)1* fnclHly comply with ANSl/IXCHl. 7^4(M. ISO 17025, ISO ]OOli-l'niid < l in fonnri MH.-3TD45A62A.
TlicTcit IJnccrlninhr nutin fl'l III) of Hill cultlirJitlnn In prcnlcr than -1:1 nt n rnnllilcnoc level of 95% (k^2) nnlc.it oilicvwl^ ftntcil wltliln llic ten results.

Calibration Standards Used

A H 337
A 11357

Manufacturer;

HART SCIENTIFIC
HART SCIENTIFIC

Model

5699

Cal Date Dii? D:itc>

Qfu'IS/2QQf,
04/2I/2M6

If HID customer liflu Tint nqucHf fl n CAlllil'flllnn Interval, a non-mo military recommended inlcrvnl is provided. Bnncil no past experience and Dsiiiinerl novinnl
iu:ij!o, It Is rnrnmilienilMl th»I tlilc liKlriimtiit liv cnlihrntcil by tht rncninniciiricil due ilntr <(nlcil Ixlow tn Insure sintnlncil ncciirm^ mill ]'*I1M)1« ])*rfnrnmrt«f,
MPKMircmcntu mid JurnrniAtinn provideil »n thin report we vitld nt flic lime orcnllhrMlari wily.

f/
Tciwporaturi!: 70.0 °F Cal. Date: H/}7/2006 Date Received: lilM&WC ^^ •— .̂
Rcl. ntnnldiiy: IS % Due Date; U/I7K.OQ7 ttote at l9su*r7l/J7/8006 Tccbnicinn: CURTIS P KtlU.l-K

Quality Cei tinea:

TIllJ llociuncnl «lmll nut lie rrpniilnccil

!,'« I nf <'

rUic-rl jippi'nvti) nf JiHfniioillrtnhi Mclrolopy S«rvk«, IIK.

65 East Wadsworlh Park Drive. Suito 101. Draper. UT B4020
v/vvw,ini'ermounlalnnioti-ology.cnm

Rione: 801.576.0790 I Fax: S01.576.0781 I Toll R-RR: B8P.481.5907



INTERMOUNTAIN

SERVICES, INC.

Instrument Data Report
Type: Liquid in Glass Thermometer

Submitted By: Meteorological Solut
TI> No,: None
CalDate: 1J/)7/200<5
CalJDuc: 11/)7/2007
Temperature (°F): 70
Jlnmfdtty(%): la

Manufacturer; Brooklyn
Model No.: -0,5 TO 50.5 DEG C
Serial No.: 3D687
Tent No.: 295022
CodcNo.:242lAt)l
Calibration Technician: Curtis P Keller

Test Parameter: Tempcranire indications Slated Accuracy: * 1 cliviaion (0.1 "C)
Set Point
0.00 °C
20.00 °C
40.00 °C

Lower Limit
-O.lfl aC
19,90rC
39.90 °C

As Received
0.02 "C
20.02 °C
40.04 °C

As llclurnc*!
0.02 °C
20.02 "C
40.04 CC

Upper Limit
O.IO°C

20.109C
40.10"C

Uncertainly
0.021 °C
0,021 nC
0.021 jc:

Kntrics in bold represent out of tolerance renHijigR.

End of Report

Technicini) Signrtiii'c:

Quality

65 East Waclsworth Park Drive.̂ STilfe 10'1, DrapQr, UT 84020
www.IMormounlairirnstrology.nom

Phone: 801.576.0790 I Fnx: fim.570.0784 I Toll Frae: 8GG.481.5997
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CERTIFICATE of CALIBRATION
for LI-COR SENSOR

Model Number: LI-200SZ

Serial Number: PY549W ':, Calibration Date: J$y;;te;ipQi

Output: 101.6 microamps per KXW wails in"2

IMPORTANT: Kctxi tfh' appropriate instruction inumutl before usin% this sensor.

IMPORTANT: // ix rcrtHiinwntled thai senxvrx be recalibrated every t\fo years.

Calibration Technician:

Uio:cicnc:«

LI COM Bmsciences • Environmental • 4421 5upe«!or Street • P.O. Box 4425 • Lincoln, NE 68S04
riionu: 402-4t?-3fi76 • FAX: <02 W-2«rJ * 1oll-frco 1-fiOO W-35/6 (U.S. & Canada!
nnvsnlMJ/liCOf.cuiii • ciivsiippnrR*1ir:nr.coin • vvww.licur.cnm



Appendix B
Calibration Field Data Sheets



BAROMETRIC PRESSURE
CALIBRATION SHEET

Meteorological
Solutions Inc.

Meteorological Solutions (nc.
2257 South 1100 East, Suite 203
Salt Lake Gty, Utah 84106
P: 801.474.3826
F: 801.474.0766
www.metsolution.com

Operat6r_
Site Name

Project _

MWH
LIBBY
07-50

Date_
Stn ID_
Client

06/21/07
LIBBY

Start Time
Stop Time _

MWH

0822 DAS
1115 DAS

Sensor Mfg
Sensor Model_

Serial No. _
Range

CSI Sensor Height 1m
CS100BP
2966542

Last Calibration Date

CALIBRATI

(Time)

0822

0943

1027

ON INPUT

(in)

30.08

30.08

30.08

PRIMA
DAS
(v)

RY DAS RES
DAS
(in)

30.78

30.78

30.79

PONSE
DIFF
(%)

2.33

2.33

2.36

BAC
DAS
(v)

KUP DAS RES
DAS
(in)

PONSE
DIFF
(%)

Calibration Criteria: ± 3 mb

Pressure Calibration Device Suunto
Calibration Device Model Escape
Calibration Device SER # 62900526

Calibrated By Mike Peterson

Comments Side by side comparison in ambient conditions.
Using met tables from the Smithsonian 6th edition
MSI reference sensor values of 25.75"hg were
corrected to sea level using site elv. Of 4244' then
compared with site data logger values.



' Operator

Site Name

Project

Sensor Mfg

Serial No.

Range

Last Calibration

MWH

LIBBY

07-50

LiCor

PY54971

0-1400watts/m2

Date

Date 6/21/2007 Start Time 0723

StnID LIBBY Stop Time 1115

Client MWH

Sensor Model LI200X

Sensor Height 12' 7"

DAS

DAS

SOLAR RADIATION
CALIBRATION SHEET

Meteorological
Solutions Inc.

Meteorological Solutions Inc.
2257 South 1100 East, Suite 203
Salt Lake Qty, Utah 84106
P: 801.474.3826
F: 801.474.0766
www.metsolution .com

CALIBRATION INPUT

Time (watts/mA2) (Ly/min)

0724

0736

0813

0859

0917

0943

1016

1057

61.7

408.0

598.0

638.0

835.0

965.0

948.0

944.0

DAS RESPONSE

(volts) (watts/mA2) (diff %)

60.0

405.0

593.0

632.0

827.0

960.0

937.0

938.0

-2.8%

-0.7%

-0.8%

-0.9%

-1.0%

-0.5%

-1.2%

-0.6%

DAS RESPONSE

(watts/mA2) (diff)

( CLOUDS )

Calibration Criteri ± 5%

LiCorSolar Radiation Calibration Device
Solar Radiation Calibration Model
Solar Radiation Calibration SER # PY54999

Li200x

Calibration By Mike Peterson

Comments Side by side comparison in ambient
conditions.
Audit 15 min averages logged on a separate
CRIOXdata logger.



RELATIVE HUMIDITY
CALIBRATION SHEETWM-ioriM i iwn once i

Meteorological
Solutions Inc.

Meteorological Solutions Inc.
2257 South 110° East- *"* 203
Sal* Lake Oty, Utah 84106
P: soi.474.3826
F: 801. 474.0766
www.metsoluHon.com

Operator

Site Name

Project _

Sensor Mfg

Sensor Model_

Serial No. _

Range

MWH Date 6/21/2007

LIBBY
07-50

Stn ID LIBBY

Client

Start Time 0700 DAS

Stop Time 1115 DAS

MWH

CSI

CS215T/RH
N/A Sensor Height: 7' 10"

0-100%

Last Calibration Date

CALIBRAT

(Time)

0733

0857

0920

0941

1015

1100

ION INPUT

37.3

32.4

32.8

34.8

28.1

24.9

PRIM/i

DAS

(v)

kRY DAS RESf
DAS

37.8

32.7

32.5

34.9

28.4

25.7

3ONSE
DIFF

1.3%

0.9%

-0.9%

0.3%

1.1%

3.2%

BACK

DAS

(v)

UP DAS RESF

DAS

5ONSE
DIFF

Criteria: ±10% .
CS215 T/RH temperature comparison.

Rel. Humidity Calibration Device Vaisala
Rel. Humidity Calibration Model HMP45AC
Rel. Humidity Calibration SER # B3550019

Calibration By Mike Peterson

AIR TEMP AUD SITE DIFF
Comments 0820 DAS 70.3 70.5 0.2 F

0900 DAS 71.6 71.9 0.3 F
1100 DAS 72.9 73.8 0.9 F
Side by side comparisons in ambient

conditions. Temp audit sensor s/n C404690



Operator

Site Name

Project

Sensor Mfg
Serial No.

Last Calibration Date

WS Shaft Rotational Torque

MWH

LIBBY
07-50

RM Young
75312

<0.1 gm-cmCW&CCW

Date 6/21/2007
Stn ID LIBBY

Client

WS Sensor Model
WS Sensor Ht

WS Range 0 -

Sensor Starting Threshold

Start Time 0700 DAS
Stop Time 11 15 DAS

MWH

05305-5
28' 6"

<0.5 mps

HORIZONTAL WIND
SPEED CALIBRATION SHEET

Meteorological
Solutions Inc.

Meteorological Solutions Inc.
2257 South 1100 East, Suite 203
Salt Lake G'ty, Utah 84106
P: 801.474.3826
F: 801.474.0766 '
www.metsolutlon.com

CALIBI

(rpm)

0.0

200

400

600

2000

4000

6000

8000

RATION

(mph)

0.0

2.29

4.58

6.87

22.90

45.80

68.70

91.60

PRIM"
DAS

(v)

kRY DAS RES!
DAS
(mph)

0.0

2.29

4.58

6.87

22.90

45.80

68.70

91.60

3ONSE
DIFF
(mps)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

BA
DAS

(v)

CKOP DAS RE
DAS
(mph)

ISFONSE
DIFF
(mph)

Calibration Criteria: ± .2 m/s
Starting Threshold: <= .5 m/s

WS Calibration Device RM Young
WS Calibration Model 18810

Comments RM Young Prop Torque Disc Model 18310

WS Calibration SER # CA01889

CalBy Mike Peterson



HORIZONTAL WIND
DIRECTION CALIBRATION SHEET

Operator
Site Name

Project

Sensor Mfg

Serial No.

MWH
LIBBY

07-50

RM Young

75312

^^R > Meteorological Solutions Inc.
^0^Bi /̂ ^ 2257 South 1100 East, Suite 203
lH0fcî Hk Salt Lake City, Utah 84106

Meteorological F: 801.474.0766
Solutions Inc. www.metsolution.com

Date

StnID

Client

6/21/2007

LIBBY

WD Sensor Model

Start Time

Stop Time

MWH

0700 DAS

1115 DAS

05305-5

WD Sensor Ht (m)

Crossarm Alignment pre 31 5.0 / 1 35.0 post 0.0 / 1 80.0 WD Sensor Range 0-
Site Declination (degrees) 16 degrees Vane parallel to crossarm=

Last Calibration Date WD Shaft Rotational Torque
Starting Threshold

CALIBF

(deg)

Calibration
Criteria:

NATION

(deg)

0/360

30

60

90

120

150

180

210

240

270

300

330

CLOCKW
DAS

(v)

1SE DAS RES
DAS
(deg)

0.1
29.8

60.2
89.8

120.0

150.1
179.2

210.0

238.9

268.9

298.6
328.1

PONSE
DIFF
(deg)

0.1

-0.2

0.2

-0.2

0.0

0.1

-0.8

0.0

-1.1

-1.1

-1.4

-1.9

COUNTER
DAS

(v)

360

10

pre 312.0 / 138.9 post 179.1 / 0.4

<5gm-cmCW&CCW
<0.5 m/s

CLOCKWISE [
DAS
(deg)

0.1

30.0

59.8

90.3

120.3

150.6

179.7

209.6

240.1

269.5

299.5

328.3

)AS RESPONSE
DIFF

(deg)

0.1

0.0

-0.2

0.3

0.3

0.6

-0.3

-0.4

0.1

-0.5

-0.5

-1.7

Orientation + Linearity : ± 5 degrees
Starting Threshold: <= .5 m/s

WD Calibration Device
WD Calibration Model

RM Young
18212

Comments Brunton Model 5008 #5080101344
RM Young Model 18331 Vane Torque Gauge

WD Calibration Serial # Vane Angle Fixture Adjusted crossarm from 315.0 / 135.0 deg to
0.0 / 180.0 deg. Then repositioned sensor.

Cal By Mike Peterson



MULTI-PROBE
TEMPERATURE

CALIBRATION SHEET Meteorological
Solutions Inc.

Meteorological Solutions Inc.
2257 South 1100 East, Suite 203
Salt Lake City, Utah 84106
P: 801.474.3826
F: 801.474.0766
wvvw.metsolution.com

Operator

Site Name

Project

Sensor Mfg

Range(s)

MWH

LIBBY

07-50

Met One

-50 to 50 C

Date

StnID

Client

Last Calibration Date

CALIBRATION

Time

0904

0908

0911

INPUT

(•F)

32.0

101.6

71.0

2 M
DAS RE

2M

<°F)

32.44

101.76

71.31

ETER
SPONSE

DIFF

(•F)

0.44

0.16

0.31

10M

' DAS RE
10M

CF)

32.33

101.65

71.31

6/21/2007

LIBBY

MWH

Sensor Model

Sensor Ht (m)

Sensor Ht (m)

Sensor Ht (m)

ETER
SPONSE

DIFF

CF)

0.33

0.05

0.31

Start Time

Stop Time

0700 DAS

1115 DAS

062
2

10

N/A

Serial #

Serial #

Serial #

F64SO 1 of 2

F64SO 2 of 2

10M-2M

AT

CF)

-0.110

-0.110

0.000

Calibration Criteria: ± 0.5 ' C from audit input, and ±0.1 * C for AT

Temperature Cal bration Device
Temperature Calibration Model
Temperature Calibration SER #

Calibration By

Brooklyn
Digital

C404690

Comments Water baths used for teperature medium.

Mike Peterson


